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ABSTRACT

This paperdescribesfire characteristicsand the immediateeffectsof a prescribed,high-intensityburn on a 12.2 hectareportion of a
standof Ocalasandpine scrub.The fire teamon the SeminoleDistrict, OcalaNationalForestusedthe BEHAVE fire model to predict
~t~cconditionsneededto accomplisha stand-replacementburn.Suitableconditionsaroseon May II, 1993 with temperature260 Celsius.
rclativc humidity 50%, wind 3 kilometersper hour,and fuel moisture(1-hourfuel) 7%. The areawasburnedby establishinga 40
meterblacklinewith backfiresand then setting a headfire.The prolific smokeproducedwasnot a problemdueto selectionof proper
:itmosphercconditions.Fire intensity wasvariable andaffectedby position andfuel loading, but on averagewastwice as high in the
interior comparedto the edge.The crownsof nearly all sandpine were severelyscorched,and all treessubsequentlydied.Twenty-
scvcfl percentof the preburnsnagswere felled by the fire. Fire eliminatedthe shrublayer andreducedthe litter layer thicknessby
50%. The amountof bareground was0.1% in control plots and 17% in the burnedarea.Following the burn, light increasedfrom 6
~o17% at groundlevel but only from 16 to 22% at breastheight,becausemost needlesremainedon theoverstorysandpine.

citation: Outcalt.KennethW., andCathrynH. Greenberg.1998. A stand-replacementprescribedburn in sandpine scrub.Pages141—
145 ut TeresaL. Prudenand LeonardA. Brennan(eds.). Fire in ecosystemmanagement:shifting the paradigmfrom suppressionto
prescription.Tall Timbers Fire EcologyConferenceProceedings.No. 20. Tall Timbers ResearchStation.Tallahassee,FL.

INTRODUCTION

The sandpine scrubcommunityis a uniquehabitat
with a suite of speciesthat occur in no other corn-
munily (Christman andJudd 1990). Mature scrubhas
an overstory of even-agedsand pine (Pinus clausa
IChapm.ex Engeim.)Vasseyex Sarg.)and a variably
thick understoryof sclerophyllousevergreenshrubs
lMyers 1990).Typical understoryspeciesincludemyr-
tle oak (Quercusmyr~fa1ia), sand live oak (Q. genii-
natal, Chapman’soak (Q. chapmanii), turkey oak(Q.
Iaei’is), rusty lyonia (Lyonia ferruginea), rosemary
(Ceratiola ericoides), scrub palmetto (Sabal etonia),
and saw palmetto (Serenoarepens).Speciesrichness
and diversity of herbaceousplantsaresignificantly less
in mature standscomparedto recentlydisturbedareas
(Greenberget al. I 995b). The sparsecover of herbs
andgrassesthat do occur in maturescrubhabitatstyp-
ically includebeakrush (Rhynchosporamegalocarpa),
milk peas(Galacuia spp.), and broomsedge(Andro-
Pagan spp.). Lichens (Cladonia spp.) form extensive
patcheson the forest floor (Greenberget al. 1995b).

Scrubdominatedby theOcalavariety of sandpine
(PinLis clausa var. clausa D.B. Ward) is nativeto the
Central ridge of Florida (Figure 1). It is also found on
a strip of old dunesstretchingfrom St. John~sCounty
South to the northernportion of DadeCounty on the
east coastand from near CedarKey south CO Naples
on the west coast (Small 1921. Harper 1927, Myers
1990).The largestconcentrationis the interior scrub,
Which occupiesabout 101,215 hectareson the Ocala
NationalForest (Brendemuehl1990).

Sandpine scrubgrows on deepdroughty infertile
sandsof marineand aeolianorigin. Water and wind
formed these featuresas sea levels fluctuatedduring
pastglacial and interglacialperiods(Kurz 1942,Laes-
sle 1958,Brooks 1972).Becauseof washingandsort-
ing during transportand deposition,soil parentmate-
rial was nearlypurequartzsand(Laessle.1958).These
processesproducedsoils that are almost‘exclusively
Entisols and mostly Quartzipsamments(Myers 1990)
typified by the Astatula,Lakeland,Paola,andSt. Lucie
soil series.

Becauseground cover is sparse,Ocala sand pine
scrubwill not burn mostof the time. Periodically,ev-
ery 10 to 100 years,usually during a spring drought,
high wind and temperatureresults in a catastrophic
fire. Such fires kill the sandpine overstoryand burn
off the understory(Myers 1990). Heat from intense
fire also opens many serotinous conesin crowns of
sandpine,which releasesseedfor establishmentof the
next stand. Herbaceousspecies,including many en-
demics,also respondrapidly to the disturbanceby in-
vading,resprouting,or germinatingfrom the soil seed
bank (Johnson1982, Hartnettand Richardson1989).

Without high-intensity disturbance,the sandpine
scrub would succeedto xeric oak hammock (Laessle
1958, Veno 1976) and lose many plant and animal
speciesrequiring young, open scrubsites(Greenberg
et al. 1994, 1 995a,1 995b). Mostof the sandpinescrub
on the OcalaNationalForestis managedfor pulpwood
productionby clear-cutting,followed by site prepara-
tion and direct seedingof sandpine. Recentresearch
indicates only minor differencesin vegetationrecov-
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Figure 2. Location of sampleplots within the prescribedburn
areaand prevailing wind during burn.

Figure 1. Rangeof Ocalasandpine scrub.

ery among standsdisturbedby clear-cutting and site
preparation versus wildfire and salvagelogging
(Greenberget al. 1995b).However,the importanceof
standingsnagsand fallen trunks that are removedby
salvagelogging is notknown, with respectto their role
in forestcommunitycompositionandstructure.Stand-
replacementprescribedbums may be important for
ecosystemmanagementof sandpine scrubwhencom-
patible with timber objectivesandin wildernessareas.

Becausethe OcalaNational Forest is in a heavily
urbanizedsection of Florida with numerousproperty
inholdings.prescribedburning is quite risky. Firescan
produce excessivesmoke or escapeand damagepri-
vateproperty.Previouswork (Doren et al. 1987)dem-
onstratedthat coastalsand pine scrubcan be success-
fully andsafely burnedunderselectedconditionswith
carefulplanning and execution.The objectivesof this
projectwere: I) to determineif the interior sandpine
scrubof the OcalaNational Forest couldbe safely and
effectively prescribedburned; 2) to provide a dem-
onstrationto reassurethe public; 3) to serveas a learn-
ing tool for land managers;and 4) to provide a sci-
entific study of fire characteristicsand postfirerecov-
ery processes.This paper reports fire characteristics
and immediateeffectsof the burn on the scrubcom-
munity.

METHODS

The fire teamon the SeminoleDistrict of the Ocala
National Forest used the BEHAVE fire model to pre-
dict the conditions neededto produce a safe standre-
placement burn. Custer and Thorsen (1996) give a
completediscussionof theseburn parameters.Theday
of the prescribedburn, May II, 1993, the temperature
was 260 Celsius; the relative humidity was 50%; and
the wind was from the southeastat 3 kilometersper
hour. The Keetch-Byram(1968) drought index was at
450 indicating moderatedroughtconditionsthat could
result in intensefires if coupledwith strong windsand
high temperatures.The 12.2 hectareportion of a ma-
ture sandpine stand was burned by first establishing
a 40 meterblacklinewith backfiresalong thenorth and
west perimeters.At about noon a headfirewas ignited

beginning at the southeastcornerof the stand.Within
10 minutesthe headfire had burned the remaining 8
hectaresof the area.The averageflame length was 3
to 5 metersandthe meanrateof spreadwas 12 meters
per minute (Can-sngton1996).

Before burning, six randomly located 10 by 50
meterplots were establishedin the maturesand pine
scrub(Figure 2). Within theseplots all sandpine, ex-
cept seedlings,and all other treesand standingsnags
6 centimetersor larger in diameterat breastheight
(dbh) were mappedand numbered.Numberedalumi-
num tags were attachedto live trees and snagswith
aluminum nails 2 meters above the ground facing
west.Diameterwas recordedfor all numberedstems.
and height was measuredon every tenth stem. Shrub
cover, fine woody debris cover (= 10 centimetersdi-
ameter),and coarse(> 10 centimeters)woody debris
cover were measuredalong 50 metercenterline tran-
sectswithin eachplot beforeandafterburning.Percent
light wasmeasuredat groundlevel andat breastheight
(1.37meter)usinga sphericaldensiometerat 0, 25 and
50 meterintervalsalong eachline transect.Becauseol
timeconstraintsit wasnot possibleto get somemea-
surementsberorethe burn was conducted.TherefOrc.
six control plots also 10 by 50 meterswere installed
after the burn in an adjacentunburnedportion of thc
stand.Shrubheight, which included all woody sterfl’~
less than 6 centimetersdiameterbreastheight (dbh).
and litter layer thicknessweretaken at 0. 25, and 5()
meter intervals along the centerline of control plots.
Exposedmineral soil wasrecordedoverthe entirecen-
terline of the transect.

Three weeksafter the fire, burnedplots were t~’-
surveyednoting the condition and position (standing
or fallen) of all taggedstems. A qualitative measLIlL
of fire intensity was collected basedon the conditW”~
of the tree tagsusingthe following scale:0 = no dank-
age, I = tag tarnished,2 = lower end of tag slightly
melted, 3 = lower half of tag melted,4 = 75% of thc
tag melted,5 tag completelymelted,6 tagmelted
and nail melted,7 = tag and nail burnedcompletelY
off. Fine andcoarsewoody debris, light levels, shrtIl~
height, exposedmineralsoil, and litter layerdatawerc
collected on burned plots using the same samplit~
schemeusedfor preburn measurements.
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Table 1. Preburnshrubcoverand tire intensity for prescribed
bum of matureOcalasandpine scrub.

Plot Location
Shrubcover

(%) Mean intensity

6
6
6
6
6
6

Edge
Interior
Edge
Interior
Edge
Interior

79
74
92
so
82
80

1.7
4.3
1.3
1.5
1.3
3~9

RESULTS AND DISCUSSION
The burn was a successfuloperation.Although it

produceda smoke column visible up to 25 kilometers
away, the smoke rose quickly and dispersedrapidly
creating no managementproblems(Custerand Thor-
sen 1996). Some minor spotting occurredduring the
backfire stage, but the spots were easily controlled.
This study shows that high-intensityprescribedburns
can be successfullyimplementedin the interior sand
pine scrubof centralFloridawith careful planning.

Fire intensity variedwith locationandfuel loading
‘I

a-

PLOT I

a-

Figure 3. Relative intensityof fire acrossplots 1 and3 (0 = no
damage,1 = tagtarnished,2 = lower endof tagslightly melted,
3 lower half of tag melted,4 = 75% of the tagmelted,5 =

lag completelymelted,6 = tag and nail melted,7 = tag and
nail burnedcompletelyoff).

Figure 4. Relativeintensityof tire acrossplots4 and5 (0 = no
damage,1 = tag tarnished,2 lowerendof tagslightly melted,
3 = lower half of tag melted, 4 = 75%of the tag melted,5 =

tag completelymelted,6 = tag and nail melted,-7 = tag and
nail burnedcompletelyoff).

within the burned area(Table 1). Intensity was lower
in plots I and 3 near the edgeand increasedtoward
the northwest as the fire gained strength (Figure 3).
Most of plot 5 (Figure 4) was burned with a low-
intensity backfire. Greatestfire intensitieswere in the
interior of the burnedareaas shownby datafrom plots
2 and6 (Figure 5). Plot 4 wasalso in the interior, but
did not burn as intenselyas expected(Figure4). Most
of plot 4 was on the middle portionof a slope where
conditionsweredrier andthe sparsewoody understory
coveredonly 60% of the plot (Table I). This lower
fuel loading resulted in the lower observedintensity.
Carrington (1996)also reportedhigh variability of fire
temperatureat the soil surfaceduring theburn.

Before prescribedburning the standhad670 ±54
Ocala sand pines/hectare77 + 16 oaks/hectareand
137 ±30 standingsnags/hectarein the overstory.Sand
pinediameterrangedfrom 6 to 30 centimeterswith an
averageof 17.5 ± 0.3 centimetersand a meanheight
of 16.8 ± 0.4 meters.The oaks had an averagedi-
ameterof 6.4 ±0.6 centimetersanda meanheight of
4.2 ±0.3 meters.The fire felled 27% of the preexist-
ing snagsand 4% of the living oaks greater than 6
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a-

Figure 5. Relative intensity of fire acrossplot 2 and 6 (0 = no
damage,1 = tag tarnished,2 = lowerendof tagslightly melted,
3 = lower half of tag melted,4 = 75% of the tag melted,5 =

tag completely melted,6 = tag and nail melted, 7 = tag and
nail burnedcompletelyoff).

centimetersdbh. No live sandpine treeswere felled
by the fire.

The fire consumedmost of the understoryreduc-
ing it from a preburn height of 1.18 ±0.19metersto
0 meter for living stemsimmediately after the burn.
Litter layer thicknesswas 6 ± I cenlimeterson un-
burnedcontrol plots and 3 ± 1 centimeterson burned
plots. The amountof exposedmineral soil was higher
on the burnedsite at 17 ± 14% comparedto only 0.1
±0.2% on the control area. Fine woody debris was
reducedfrom 4.5 ±3.7% to 2.7 ±2.6% cover after
the burn.Coarsewoody debris covered0.28 ±0.29%
of the area before and 0.36 ±0A6% after the burn.
This slight increaseresulted from addition of large
stemsfrom the snagsfelled by the burn.

The amount of light reachingthe forest floor in-
creasedfrom 5.6 ±0.9% beforethe fire to 17 ±1.4%
postburn,becausethe understorywaseliminated.Even
thoughflames from the burning understorysometimes
reachedinto the overstorycanopy,most materialcon-
sumedwasfrom the litter layer(a 50% reduction)and
the understory(a98% reduction)(Figure6). Although
the fire severelyscorchedthe crownsof the sandpine,

Figure6. Interiorot sandpinestandtollowing standreplacement
prescribedburn showing near total consumptionof undersiory
layer.

it only consumeda small portion of them. Thus, the
fire most closely fit the intensesurface fire classifica-
tion (Stocks 1989)developedfor maturejack pine (Pi-
flitS banksiona) forest, a community with a structure
similar to sandpine scrub.Becausemostof theneedles
remainedon the treesimmediately following the tire.
changesin light at breastheight (1 37 meter),above
most of the understory, were initially small. Pi-eburn
light averaged16.4 ~ 3.2%, and post burn was only
slightly higherat 21.5 ±2.5%.

Fii-e intensity varied within the burn area. Ho’~’-
ever the lire severelyscorchedthe crownsof all ovem-
story treesexcept for a small strip on the edgeburne.l
with the backfire. Although other southernpines Carl

recoverfrom severecrown scorch(JohansenandWade
1987. Wade and Johansen1987). these treesdid 114.U.

All treeswei-e deadby the end of the growing seasofl.
including the edgetreesthat had intact crownsfollo”
ing the burn.The high intensityof the fire and the ihill
bark of sand pine likely resulted in significant L~II

1~
biuni damageasseverecharringoccurredon the boles
to an averageheight of 3 meters.In addition, treesal5(~
likely sufferedhigh root mortality resulting from COt~

suniption of the litter layer. A few daysafter the btit’1.
wood borerswereactively working in the bolesof the
sand pines.
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Death of the overstory, creation of new snags,

~liinination of the understory,and reductionin the lit-
ter layer significafl5ly.7-changedthe structureof this
patch of scrub. The plant community has been
~ resetto the beginningpoint whereearly suc-
cessional plant and animal species requiring open
scrub habitat can again thrive.
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